Food and beverage portion sizes are related to childhood obesity. We examined trends in food portion sizes and the association with total meal sizes among U.S. children. We selected children 2-to 18-y-old (n = 31,337) from 4 nationally representative surveys of food intake between 1977-1978 and 2003-2006. We assessed portion sizes (kcal and g) of selected key foods (soft/fruit drinks, salty snacks, desserts, French fries, burgers, pizzas, Mexican fast foods, and hot dogs), the total energy from eating occasions that included key foods, and portion sizes of the selected key foods by source (stores, restaurants, and fast-food locations). These foods represented over one-third of children's energy intake in [2003][2004][2005][2006]. Portion sizes increased significantly over the 30-y period and increases in pizza were particularly pronounced in the last decade [+176 kcal (736 kJ). Energy from eating occasions including pizzas and soft drinks increased, as did the proportion of energy from these foods in an eating occasion. Hamburgers and cheeseburgers increased in portion size and eating occasion size, but the proportion of these foods in the total eating occasions did not increase. Portion sizes of other key foods increased, although the total energy from eating events that included them remained constant (e.g. Mexican fast-foods, French fries, fruit drinks) or decreased (e.g. salty snacks, desserts). Portion sizes increased across all food sources (stores, restaurants, and fast foods) for soft drinks and pizzas but only at fast-food locations for French fries.
Introduction
Supersizing has been suggested as one of the key factors associated with increased energy intake during a period of increased obesity among U.S. children. Major changes in eating habits have been identified during this period, including snacking and more constant eating (1-3), increased portion sizes (4-9), increased energy density of foods (10) , and fast-food consumption (11) (12) (13) . Scholars have thought that these factors are linked with increased childhood obesity (14) (15) (16) (17) (18) . Of all of these factors, the supersizing of America has been the subject of most attention, yet what has been examined is the increased portion sizes of specific foods and not the total eating occasion (19) .
A large body of literature suggests that increased portion size is one potential reason for increased energy intake, particularly for older children and adults (19, 20) . One explanation is that as we age, physiological signals of hunger and satiety that self-regulate our energy intake exert less influence (17, (21) (22) (23) . Although the critical age at which children become more susceptible to environmental exposures, such as bigger portions, remains unclear, research suggests that children of all ages are predisposed to overeat (24) (25) (26) .
Trends in the portion sizes of foods commonly eaten in the United States are not available for children, because the literature has either focused on portion size offerings (4) (5) (6) (7) or the portion sizes consumed by adults (8, 27) . Other research has shown increased energy intakes for all age groups, particularly consumption of salty snacks, soft drinks, burgers, French fries, and Mexican fast foods (8) . This study focuses on nationally representative surveys of food intake in the United States. We present updated trends in overall portion sizes (kcal and g) among U.S. children (2-18 y old) from 1977-1978 to [2003] [2004] [2005] [2006] . We add new insights by studying portion sizes of selected key foods within eating occasions that include those key foods. We provide further understanding by examining trends in energy density of key foods and portion sizes by location of food source.
Participants and Methods
Participants and study design. A total of 31,337 children and adolescents 2-18 y old were selected from 4 nationally representative USDA surveys of food intake among the U.S. population. The participants included children from the USDA Nationwide Food Consumption Survey in 1977 -1978 (NFCS 1977  4 n = 12,231) (28), the USDA Continuing Survey of Food Intake by Individuals in 1989 -1991 (CSFII 1989 ; n = 3148) (29) , the USDA Continuing Survey of Food Intake by Individuals in 1994 -1996 (CSFII 1994 ; n = 8621) (30) These surveys are based on a multistage and stratified area probability sample of noninstitutionalized U.S. households. NHANES used sampling designs, survey instruments, dietary collection methods, and food composition tables that were designed to match earlier procedures of NFCS and CSFII. Detailed information about each survey has been previously published (28) (29) (30) (31) (32) . Our study was exempt from institutional review by utilizing secondary USDA and NHANES data.
Dietary data. The NFCS 1977-78 and the CSFII 1989-91 recorded dietary intake on 3 consecutive days. A single interviewer administered a 24-h recall and collected 2 d of self-administered food records. The CSFII 1994-98 and the NHANES 2003-06 collected 2 nonconsecutive days using interviewer-administered 24-h recalls (3-10 d apart). For children , 12 y old, dietary information was obtained from the child's caregiver. To provide comparable data and also expand the number of eating occasions that included one of the selected foods, the first 2 d of dietary intake from each survey were included in the present analysis.
Eating occasions and portion size measurements. Eating occasions are defined as a combination of self-reported breakfast/brunch, lunch and dinner/supper, and snacking occasions (1, 2) . Items consumed within a 15-min period were combined as a single eating occasion. Self-defined "snack" items consumed within a meal were considered as part of that meal (e.g. chips within a lunch).
For each food consumed, the respondents were also asked where the food was obtained. This information was used to study 3 food sources: stores, restaurants, and fast-food locations. Soft drinks, French fries, and pizzas were the key foods selected to study the changes of portion sizes over time by source. For other key foods, the sample size was not large enough to allow analysis by source.
Portion sizes were calculated as the amount of food (kcal and g) consumed at a given eating occasion. The USDA/NHANES surveys used food models to assist respondents in identifying the portion size. To show trends over time for overall portion sizes, per-consumer means were calculated over a 2-d period. Per-consumer means are intended to show changes in the average portion size for those individuals consuming a specific item. To study trends over time for portion sizes and eating occasions, the sample unit used was the eating occasion with the selected food or beverage. A person could consume the same key food 2 or more times during the 2 d recalled and almost all portions were based on 1 or 2 eating events/child. The number of eating occasions on d 1 or 2 or both was used to calculate portion sizes of selected key foods within eating occasions that included those foods. We report portion sizes means (kcal and g or mL) for each key food and for the whole eating occasion that includes a key food (e.g. we calculated the mean portion size for all pizzas and the mean portion size of all eating events containing pizza). Similarly, we calculated the energy density (kcal/g) of selected key foods and the eating occasions containing those key foods dividing the energy (kcal) by the grams consumed.
Key foods and food grouping system. Food portion sizes were studied for these selected key foods: salty snacks, desserts, soft drinks, fruit drinks, French fries, hamburgers, cheeseburgers, pizzas, Mexican fast foods, and hot dogs. Salty snacks included crackers, chips, pretzels, rice cakes, and popcorn. Desserts included ice creams, pies, cakes, and cookies. Soft drinks and fruit drinks included caloric sweetened beverages and did not include diet drinks or 100% fruit juice. Hamburgers and cheeseburgers consisted of items served from typical menus at fast-food chains. Mexican fast foods included burritos, enchiladas, tacos, and similar items.
The selected key foods had the greatest increase in terms of energy among Americans . 2 y old between 1977 and 1996 (33, 34) . To create the different key food categories, we used the University of North Carolina food grouping system, which was previously described (8, 34, 35) .
Statistical analysis. All analyses were performed with STATA 11 (36) . We used survey commands (SVY: MEAN) to account for survey design, weighting, and clustering. Data are reported as means 6 SE. For each year surveyed, we calculated overall portion sizes (kcal and g), portion sizes of key foods (kcal), and portion sizes of eating occasions including those key foods (kcal). We also determined the energy density of key foods and eating occasions including those key foods (kcal/g). For selected key foods, we studied changes in portion sizes over time by source (stores, restaurants, fast-food locations). Differences testing based on the Student's t test with a post hoc Bonferroni's test used TEST and MTEST (B) commands after SVY: MEAN commands on STATA 11 (36) . A 2-sided P-value , 0.01 was set for significance.
Results
Energy intake and key food consumption. The socioeconomic characteristics of respondents are presented in Table 1 Portion size (g, oz, mL), rather than kcal, provides a different perspective. Increases in the portions of soft drinks and fruit drinks were highly remarkable in terms of mL/portion (Supplemental Table 1 ). Soft drinks increased ;100 mL between 1977-1978 and 2003-2006 , and fruit drinks increased ;43 mL in the same period. Grams per portion consumed of the other key foods also increased significantly over the 30-y period: 31 g more for hamburgers, 22 g more for cheeseburgers, 41 g more for pizzas, and 48 g more for Mexican fast foods (Supplemental Table 1 ).
Trends in portion sizes within eating occasions. Increased portion sizes of key foods and total energy intake from eating occasions. From 1977-1978 to 2003-2006, pizza, soft drinks, hamburgers, and cheeseburgers increased in portion size (kcal). Total energy from eating occasions containing those items also increased during the same period ( Table 2 ). The percentage of energy intake from pizzas and soft drinks in the total energy intake from an eating occasion increased, suggesting that portion size increases of pizzas and soft drinks are directly responsible for increases in energy intake from eating occasions including them. For pizzas, the increases in the last decade were more important than the long-term changes (+178 kcal from , the proportion of energy from a portion of hamburger or cheeseburger that accounts to the total energy of that meal did not increase, indicating that the changes in total energy intake of the eating event are not only attributable to increases in energy intake from burgers but also could be driven by increases in other items included in that meal (e.g. French fries or soft drinks) (Supplemental Table 2 ).
Increased portion sizes of key foods but unchanged/ decreased total energy intake from eating occasions. Increases in portion sizes (kcal) of Mexican fast foods, French fries, and fruit drinks did not coincide with significant increases in total energy intake from eating events containing them. For the eating occasions linked with salty snacks, hot dogs, and desserts, the energy intake of the eating occasion actually decreased. Although the proportion of energy from key foods that accounts for the total energy from eating events increased, the portion size increases reported for these items were not responsible for the increases in energy intake from eating occasions including them.
Trends in energy density of key foods and eating occasions. Increases in the energy density of the key foods were significant for salty snacks, fruit drinks, French fries, hamburgers, cheeseburgers, pizzas, and Mexican fast foods ( Table 3) . Trends in portion sizes of key foods by source. To further understand if portion sizes are influenced by source, changes over time were studied for soft drinks, French fries, and pizzas (Fig. 2) . Energy intake from soft drinks purchased in stores, restaurants, and fast-food restaurants significantly increased from 1977-1978 to [2003] [2004] [2005] [2006] , with increases in restaurants and fast-food restaurants being greater than in stores. Portion sizes of French fries increased significantly only in fast-food restaurants, whereas they decreased in stores and remained unchanged in restaurants. Portion sizes of pizzas significantly increased for stores and fastfood restaurants over the same period. Fast-food chains accounted for the highest increase in energy from pizza (Fig. 2) .
Discussion
Over the past 3 decades, the total energy intake of U.S. children 2-18 y old has increased by ;184 kcal/d. The selected foods we studied (soft drinks, fruit drinks, desserts, French fries, burgers, pizzas, Mexican fast foods, and hot dogs) represent ;36% of the daily energy intake of U.S. children. Overall, portion sizes for all of these foods increased over the period studied. The significant increases in portion sizes of pizza (+ 131 kcal/d), hamburgers (+90 kcal/d), cheeseburgers (+90 kcal/d), and Mexican fast food (+149 kcal/d) are remarkable in the past 3 decades. Portion sizes of these selected foods are important for energy regulation when the total energy content of the eating occasions including these foods also increases. This study examined this topic. Portion sizes of pizza and soft drinks increased simultaneously with increased energy of the eating occasions containing those foods. At the same time, the proportion of energy intake from those key foods for a respective eating occasion also increased. For burgers (hamburgers and cheeseburgers), portion sizes and total energy from its respective eating occasion increased. However, the proportion of energy from a portion size of a burger that comprises the total energy content of an eating occasion did not increase, suggesting that those items were not directly responsible for the changes in total energy of eating events. Portion sizes of other key foods increased, although the total energy intake from eating events including them remained unchanged (e.g. Mexican fast foods, French fries, and fruit drinks) or even decreased (e.g. salty snacks and desserts).
Larger portions of foods and sweetened beverages commonly consumed in the US have been previously studied both in terms of actual food consumed and food portions offered. In terms of consumption, most research has been focused on either adults or on all Americans . 2 y old for earlier time periods (8) . Among 6-to 17-y olds, increased prevalence of soft drink consumption and larger portion sizes of soft drinks were previously reported 
Salty snacks Desserts Soft drinks Fruit drinks French fries Hamburgers Cheeseburgers Pizza Mexican food Hot dogs
Portion size of key foods kcal 1977-1978  124  213  121  106  173  355  380  406  373  222  2003-2006 (change)  +41  +1  +34  +27  +36  +63  +93  +140  +139  +8  Energy content of eating occasions containing those key foods  1977-1978  474  555  524  512  755  690  733  655  708  647 -1978  26  38  23  21  23  51  52  62  53  34  2003-2006  40  47  25  27  27  49  53  70  65 (37). In terms of portion sizes offerings, other scholars have shown similar significant increases for most of the foods found in fast-food locations and elsewhere in some cases (4, 6, 7) . Interestingly, portion sizes of French fries significantly increased only at fast-food places, whereas portion sizes of pizza increased at stores and fast-food places and soft drinks increased at all 3 food sources. Larger portion sizes are specially appreciated by costumers who can get more food for only a small additional cost or even at no cost. Because people usually eat what is served rather than what is adequate for their energy needs, value meals have been found to promote overeating at restaurants (38) . On the other hand, higher price indices of fast foods have been positively associated with healthier eating patterns and overall diet quality (increased intake of fiber, calcium, fruit, vegetables, and dairy) among 2-to 9-y olds (39) .
The nutritional implications of larger portions and the subsequent effects on increased energy intake have been ignored in previous research. Increases in overall portions of individual foods are not enough by themselves to explain the increases in the overall energy intake, and the processes of hunger-satiety and self-regulation must be taken into account (40) (41) (42) (43) . Extensive research has shown that increased portion sizes at an eating occasion can be linked with increased total energy intake (44) (45) (46) . However, this research has led to the confusion that an increase in the portion size of any selected food can increase the overall portion size of the eating occasion (13) . One short-term study linked larger portion sizes of selected key foods with increased energy intake at an eating occasion (38) . We showed that increased portion sizes (kcal) of soft drinks and pizzas were associated with significant increases in energy intake from eating occasions that include those foods. In contrast, increased portion sizes did not influence the energy content of eating occasions containing other key foods, such as Mexican fast food, French fries, fruit drinks, salty snacks, and desserts.
There are important limitations to note. The methodologies used to collect 24-h recall data have been adapted in surveys between 1994 and the present to improve recall and reduce bias. However, there is no bridging study, as one done between the 1970s and 1980s (47) , to allow us to understand any of the methodological changes and if they could affect either total energy intake or foods measured. There are other problems associated with measuring the usual intake with data from 1 to 2 d of self-reported dietary intake per day, and our results most likely are affected by underreporting (48) . On the other hand, the accuracy of estimation of large portions decreases systematically (49) and when familiar food models are used (50) . Furthermore, people tend to underreport unhealthy foods, especially when those foods relate to obesity (51) . Among children, underreporting increases with age, and ethnic and gender differences are also important sources of differential underreporting (52) . Another study showed that overweight and obese children also tend to underreport their diet (53) .
Other problematic issues such as the differential recall of mixed dishes or recipes (e.g. hamburgers or pizza) could also affect our results. Sometimes, these items are directly reported by the respondents, whereas other times, respondents might report each food item separately (e.g. bread, beef, tomato), therefore making it difficult to know if they consumed a hamburger or 2 separate foods in 1 eating occasion. In the present study, this issue was particularly frequent for hamburgers and cheeseburgers obtained in restaurants and at home. We concluded from the data that hamburgers and cheeseburgers were always recorded as such when purchased from fast-food eateries. In contrast, this was not systematically done for these same items consumed at a restaurant or coming from stores and eaten at home, which were probably recalled as individual food items.
Our data support the general consensus that portion sizes are increasing and in selected cases appear to be potentially important sources of increased eating occasion energy intake among children in the United States. Using nationally representative data on food intake, we have presented patterns and trends in portion sizes of foods commonly eaten by U.S. children. This study identified some key foods, such as soft drinks and pizzas, as potential contributors to the increased energy intake at eating occasions. Portion size increases in pizzas in the last decade were particularly large. These results also provide some perspective on many situations where the increased portion size of a selected food is only linked to an increased portion of that food (e.g. salty snacks, desserts, Mexican fast foods) but not to the total energy intake from the eating occasion. These results suggest that nutrition education and other programmatic and policy initiatives should look specifically at selected foods, such as pizzas and soft drinks, that are particularly common among children and adolescents in the United States and that could increase the intake of energy, fats, and added sugars.
